In this paper, we construct an economy-wide recursive dynamic model for Burkina Faso to explore the impact of scaling up public capital in different aggregate sectors. While several researchers emphasize the importance for sub-Saharan African countries of giving higher priority to agriculture to stimulate economic growth and reduce poverty, some authors state that non-agricultural sectors should now receive special attention following the success achieved in some countries in South Asia. These countries have indeed applied a different paradigm: a program of economic growth and poverty reduction based on non-agricultural sectors. This study aims to provide insights into this debate. It draws from the public capital productivity literature to postulate the positive productive externalities of public investment. The results show that, with the same amount of public investment, financed by the same source, public investment in agriculture yields positive impacts that are significantly higher than those yielded by investments in non-agricultural sectors (industry and services). Added value growth in non-agricultural sectors is higher under public investment in agriculture than in non-agricultural sectors.
. The agricultural sector faces major constraints that weigh on its productivity. Scientific studies on nutrient balance and surveys among peasants support the idea that natural-resource depletion and land degradation are important concerns in this country (Gray, 1999 , Lindqvist and Tengberg, 1993 , Taonda et al., 1995 , Visser et al., 2003 . High population growth without additional off-farm job opportunities, combined with low input techniques, translates into growing pressure on the country's natural resources (OECD 2012) .
The link between agricultural growth, economic growth and poverty reduction has been widely documented in the economic literature. Traditional economic thought in the first half of the 20 th century neglected the central role of the agricultural sector and considered economic growth and development to be a shift in labor from the low-productivity agricultural sector to the high-productivity manufacturing sector (Kuznets, 1955) . The factors of production have thus been perceived as more productive in sectors other than agriculture, while the agricultural sector has been seen as relatively unresponsive to economic incentives. Nevertheless, the increasing availability of data from the 1960s helped empirically recognize the central role of agriculture (FAO, 1995) . The recognition of the important role of agriculture in economic growth and poverty reduction has emerged as a result of the awareness that agricultural stagnation could be at the root of hunger and the stalling of industrial development. Singer (1979) was the first to suggest a development strategy based on agriculture. This suggestion has been tested empirically by Adelman (1984) , Dowrick and Gemmell (1991) and Vogel (1994) . Dowrick and Gemmell (1991) tested how the size of the agricultural sector affects countries' ability to achieve convergent growth, and they found that agricultural productivity for the poorest countries in their sample is converging towards the levels for developed countries. Vogel (1994) is one of the authors who has provided empirical tests based on social accounting matrices (SAM) from 27 developed and developing countries to derive multipliers for agricultural and non-agricultural sectors. Their results confirm strong backward links from agriculture to non-agricultural production, especially at low levels of development. This is generally the case in economies where the agricultural sector contributes significantly to domestic production, export revenues and employment.
Since then, many studies have attempted to investigate the links between agricultural development and economic growth. These studies use different approaches, ranging from cross-country analysis to growth accounting. Using cross-country data, FAO (1995) found an income multiplier of approximately 1.6 for agriculture, implying that one additional unit of agricultural income produces additional income of 0.6 units in non-agricultural sectors. However, the multiplier varies by country depending on the strength of the link between agriculture and other sectors. Self and Grabowski (2007) studied the effects of different direct and indirect measures of agricultural productivity on the rate of economic growth and found a strong correlation between the productivity of the agricultural sector and the growth rate of per capita income. Tiffin and Irz (2006) investigated the causality between the growth of the agricultural sector and economic growth and found a causal direction from the agricultural sector to the aggregate economy, rather than the converse. However, Gollin (2010) underlines that the convergence in agricultural productivity is insufficient to achieve the convergence in income levels. These and other empirical evidence using cross-country data suggest a strong link between the development of the agricultural sector and economic growth.
Alternatively, many scholars have used growth accounting and productivity measurements to investigate the impact of agricultural growth on overall economic growth. Some of these studies argue that, in numerous countries, productivity growth in the agricultural sector has been strong enough to derive the performance of the overall economy. Such evidence has been obtained in both developed (Jorgenson and Gollop, 1992, Mundlak, 2005) and developing (Bosworth and Collins, 2008, Martin and Mitra, 2001) countries. Using time series data from the United States, Jorgenson and Gollop (1992) identified agriculture as the sector with the highest total factor productivity (TFP) growth. Focusing on India and China, Bosworth and Collins (2008) concluded that the agricultural sector has been a major source of economic growth for both of these countries during the past 25 years.
Although we do not intend to provide a full summary of the literature in this regard, it is crucial to briefly present CGEand growth multiplier-based studies; they answer some of the weaknesses of the growth accounting-based studies, such as lack of information on sectoral interdependencies and the causal mechanism (Gollin, 2010) . Several single-country (Gebreegziabher et al., 2016 , Pauw and Thurlow, 2011 ), regional (Diao et al., 2010 and global (Zhai et al., 2009 ) models have been employed to examine the role of change in agricultural productivity on the performance of the wider economy. These studies further provide cleaner causal mechanisms and transmission channels through which the agricultural sector interacts with the rest of the economy.
However, the economic literature is not unanimously favorable to agriculture as the main instrument for eliminating poverty in developing countries. Some studies have questioned the predominant role of agricultural growth in the fight against poverty. For example, Himanshu et al. (2013) argue that for rural India, the non-agricultural sector is the most pro-poor and is therefore the largest contributor to poverty reduction. Collier and Dercon (2014) emphasize that agricultural productivity, especially for smallholder family farming, is so low that poverty reduction in African countries will essentially have to come from a radical transformation of agriculture and an exodus from rural areas. Many other authors have emphasized the role of migration in poverty reduction in rural areas (Beegle et al., 2011) . However, much of the literature cautioning against the importance of the agricultural sector for poverty reduction does not dispute the effectiveness of agriculture in poverty reduction but rather worries about the cost of the investment required to reach such agricultural growth. It is estimated that these high costs make agricultural investments an inefficient instrument for economic development and poverty reduction (Collier and Dercon, 2014) .
In view of these debates in the literature, our objective is to estimate and compare the impacts of public investments in agriculture, industry and services. The aim is to identify the scenario likely to produce the strongest impacts in terms of economic growth, poverty reduction and unemployment in Burkina Faso. To do this, a dynamic Computable General Equilibrium (CGE) model is used because of its ability to take into account agricultural and non-agricultural linkages and to easily represent productivity change (Pauw and Thurlow, 2011) . CGE models are also suited for economy-wide impact analysis of exogenous or policy shocks (Hertel, 2002) .
The remainder of the paper is organized as follows: after describing the CGE model and data, we present four alternative scenarios simulated with the CGE model (section 2). Section 3 analyzes and discusses the simulation results, while section 4 summarizes findings and policy recommendations.
Material and Method
The CGE model used for this study is directly adapted from Zidouemba (2014) 2 . It is a recursive dynamic model that works on a yearly time step.
General Characteristics
It is a classical CGE model: (i) consumer maximizes utility subject to an income constraint; (ii) producer maximizes profit subject to a technical constraint defined by production function; (iii) consumers hold fixed factors (capital and labor) so that the remuneration of these factors forms their income; (iv) the quantities of supplied goods are equal to the quantities requested; (v) the market equilibrium is instantaneous and determines the quantities produced and consumed, imports and exports for various goods, and the prices of goods and services and remuneration of production factors; (vi) the government's budget balances expenditures (government consumption and transfers) with revenues from various taxes, as well as transfers from the rest of the world (official development aid); (vii) imperfect substitution between goods produced in different countries (Armington) has been retained.
For the sake of realism, some changes were introduced into the basic CGE model. These changes include labor mobility, unemployment, the dynamics of population and capital accumulation, and externalities derived from public investment.
Labor Mobility
Imperfect labor mobility is modeled to represent the difficulty for the labor force of moving from one major sector to another due to specific job skills and the difficulty of vocational retraining. This is particularly true when considering both the length of time (short-to-medium run) and the situation in developing countries, where public support services for professional retraining are lacking. Three major sectors have been identified: agriculture, industry and services. Labor is then assumed to be perfectly mobile only between sectors belonging to the same major sector (e.g., agricultural labor can move from the rice sector to the corn sector but never to the sector of education). This implies that wages for labor are aggregate sector specific. The assumption of labor mobility is critical in determining the capacity of production sectors to adjust in case of exogenous or policy shocks.
Unemployment
Unemployment is included in the model. Wages are assumed to be rigid, and market equilibrium is achieved by quantity variation, that is to say the number of individuals employed. The initial unemployment rate has been set at 17% (INSD, 2008 ). The growth in activity then leads to an increase in the number of workers, which implies a decline in unemployment rather than an increase in wages, as is the case with an assumption of full employment. When all workers are employed, the wage increases to achieve balance in the labor market.
Dynamic Recursive
The dynamics of the model are based on population growth and capital accumulation. The population is expected to grow yearly at an exogenous rate of 3%, corresponding to the current growth rate. This growth has the effect of increasing the labor supply and demand for goods and services. Domestic savings and current account balances determine the level of investment available in the economy for the next period. Investment in each sector (private or public) is a fixed share of total savings and is added to the capital (net depreciation) from previous periods to determine the capital available to this sector for the next period.
Modeling the Impact of Public Capital Externalities
For public investment in public capital, we adopt the formulation of Estache et al. (2012) , where the externality (Ω , ) of public investment depends on the ratio between new investment (ITP t ) and the level of investment in the reference period (ITP t0 ). The production function is then modified as follows:
where , is the volume of production by the sector i at period t; , the level of intermediate consumption by sector i at period t;
, the added value of the sector i at period t; et are parameters of production function; and is the scale parameter of the production function of the sector i at t. The parameter is the share of the total public investment available that the government decides to allocate to infrastructure spending; is a sector-specific elasticity. The values of this elasticity by activity are derived from Harchaoui and Tarkhani (2003) estimations for the Canadian economy (table 4) . Because these values have been estimated for a developed country, and because the economic literature stipulates decreasing returns to public infrastructure, the values could be conservative. Moreover, since the elasticity parameters are less than unity, the returns to public infrastructure are positive, but the growth occurs at a decreasing rate (Estache, Perrault and Savard, 2012).
The public capital stock depreciates at a constant rate, while investment policies increase it. Equation 4 gives the accumulation of capital in the public sector. It is equal to the stock of public capital net of depreciation (dep pub ), plus public investment available after the investment in infrastructure.
( )
where pub k , θ is the share of the new capital k in the public sector pub; PUB t PK the price of public capital.
Data
To meet our research objective, a social accounting matrix (SAM) for the year 2012 has been developed. The SAM consists of 27 activities, including 15 agricultural activities, producing 58 goods and services, including 16 agricultural products. Production activities use two factors of production (capital and labor) leased to the 60 representative households distinguished by income quintile and regions of residence (12 regions) 3 . Table 1 gives the structure of the economy of Burkina Faso by activity in 2012 according to the SAM. In terms of GDP, agriculture contributes 36,2%, behind services (44,3%) and far ahead of industry (19,6%). The agricultural sector's contribution to the value of outputs is estimated at 26,8%, compared with 32,8% for industry and 40,5% for services. The share of national labor compensation derived from agriculture is more substantial (48,8%) than services (30,9%) and industry (12,3%). Looking at the share of capital income by sector, only 33% of the remuneration of capital comes from agriculture. Table 3 shows that export earnings are predominantly made up of primary goods exports (79,5%). These exports include mainly gold (54%) and cotton (13,4%). Imports are mainly made up of industry goods (86%). On average, 36,4% of agricultural production is exported, far beyond the export share of industry (3,6%) and services (6,2%). Moreover, the share of imports in domestic absorption is higher for industry (41,5%) than for services (8,1%) and agriculture (1,4%). Table 2 provides the structure of production by activity according to the 2012 SAM. It shows that, on average, the share of labor compensation in added value is higher in agriculture (52%) than in industry (28,4%) and services (39,2%). However, the industrial sector uses the most intermediate consumption as a proportion of output (64,4%), followed by services (34,9%) and agriculture (19,6%).
3
There are a total of 13 administrative regions in Burkina Faso (Hauts bassins, Boucle du Mouhoun, Sahel, Est, Sud-Ouest, Centre-Nord, Centre-Ouest, Plateau Central, Nord, Centre-Est, Centre, Cascades, Centre-Sud) . However, for this study, the region of Centre and Centre-sud are grouped into one region, the Centre. 
Simulations
For our analysis, we alternately perform an increase in public capital in agriculture, industry and services. However, the nature of public capital is not specified in this research. Public capital can be considered as the set of public goods and services that are involved in the production process as complementary inputs to other factors of production (capital, labor, etc.) . They contribute to an increase in returns to private investment through the reduction of production costs. Public capital can take the form of rural roads, irrigation, storage infrastructure for the agricultural sector, energy infrastructure for industry and telecommunications infrastructure for services. The idea is to simulate an annual investment in public capital amounting to 25% of the amount of public investment available. This means that the financing of these investments comes from a reduction in public investment in the public sector. More specifically, in the baseline scenario, there is no investment in public capital to increase the productivity of private sectors. Thus, the parameter is set to 0, and the externality variable Ω , is exogenous and assigned the value 1. In the three alternative scenarios, the parameter is assigned the value of 0,25, while the variable Ω , is endogenous, and its value represents the level of externality of public capital. This externality differs by sector according to an elasticity that is sector-specific. The simulations are run over a period of 10 years, 2012 being the reference year. It is important to reiterate that the main objective of the paper is to verify the importance of the difference of impacts -in terms of poverty and unemployment -of public investment according to the aggregate sector in which that investment is undertaken. Considering that public investments are fully supported by the government allows us to remain within the logic of realism. One can imagine that part or all these investments are supported by official development assistance. The financing can also come from a greater tax mobilization to raise the tax burden from 17% today to 20%, according to the standards of the West African Economic and Monetary Union (WAEMU). Elasticity of public capital (ξ_i) are derived from Harchaoui and Tarkhani (2003); CES elasticities in the production function are derived from Zidouemba (2014).
In the baseline scenario, annual GDP growth is 6.1%. This is comparable in size to the growth observed over the previous decade. The three aggregate sectors (agriculture, industry and service) experienced annual growth rates of 6,2%, 5,7% and 6,1%, respectively (table 5) . A question of interest is whether the poorest households are able to achieve or exceed the 2012 poverty line estimated at CFA franc 130,735 per person per year (INSD, 2012) . Figure 1 shows the evolution of per capita income in that scenario for the poorest households (the first quintile, or the poorest 20% of the population in each region) in the twelve regions of Burkina Faso. Progress is far too slow, as only three regions of the twelve cross the poverty line by the end of the simulation period, 2022. These regions are the Sud-Ouest, the Plateau central and the Centre-Est. Thus, although the 6% economic growth recently observed can be described as strong, it is still insufficient to hope for an escape from poverty because of the strong growth of the population. Strong population growth also explains the small decline in the unemployment rate from 17% to 13%. In absolute terms, this implies an increase in the number of unemployed persons from 2.6 million in 2012 to 2.8 million in 2022 4 . The main lesson that can be drawn from this scenario is that the apparent macroeconomic performance observed in Burkina Faso is only an illusion. It does not allow the poorest of the population to get out of their precarious situation; on the contrary, the number of unemployed persons increases over time. As is frequently observed, this situation can be an ingredient of social tension.
In the scenario of exclusive public investment in agriculture, progress is clear. Economic growth rises from 6.1% to 10.4% per year. Agriculture experiences the highest growth in added value (11% per year). Growth in non-agricultural sectors is not far behind. It is as strong in the industry sector (10.5% per year) as in the services sector (9.6% per year). The momentum generated by the agricultural sector is reflected in all sectors of the economy because of large spillover effects. The strong economic growth results in a significant drop in the unemployment rate, from 17% to 3.5% by 2022. This corresponds to a reduction in the number of unemployed persons from 2,696,409 in 2012 to 712,958 in 2022, based on job creation of 200,000 per year (table 5). The per capita income analysis (figure 2) shows that, except for the Centre region, the poorest households in all regions reach the poverty line over the 10 years of the simulation.
If public investment is made in the industrial sector, the economy grows slightly more strongly than in the baseline scenario (7.4%, compared to 6.1% in the baseline). The growth in added value for the three aggregate sectors is 7.3% per year for agriculture and industry and 7.7% for services. The unemployment rate reaches 10% by 2022. Annual job creation is thus estimated at 70,000 (table 5). In terms of per capita income growth, it appears that the poorest households in three regions are unable to escape from poverty by 2022 (figure 3). These regions are Hauts bassins, the Sahel, and the Centre. It is worth noting that public investment in agriculture generates higher added value for the industrial and service sectors than direct investment in these sectors. This means that in the current context of Burkina Faso, the indirect impact of an "agricultural revolution" on non-agricultural sectors is more important than an "industrial revolution." This result confirms the leading role of agriculture in the Burkina Faso economy.
Investment in the services sector also provides interesting outcomes. When public capital is increased in this sector, real GDP growth increases from 6.1% to 7.4% per year. This growth is mainly driven by the tertiary sector, whose annual growth is 7.8%, compared to 6.1% in the baseline. Agriculture and industry grow by 7.1% and 7.3%, respectively. The unemployment rate is estimated at 6%, which corresponds to job creation of about 150,000 jobs per year (table 5) . Although the impact of investment in that aggregate sector on real GDP growth is like that obtained via the public investment in industry, it should be stressed that the positive effect on employment in this scenario is higher than with investment in industry. This is attributable to the fact that the services sector is more labor intensive than the industry sector. The poorest households in five regions are unable to reach the poverty line by 2022 (figure 4). Thus, even if the public investment in the secondary and tertiary sectors gives the same rate of economic growth, investment in the industrial sector is more effective in terms of poverty reduction. This result is explained by the fact that agricultural growth is stronger under investment in industry (7.3%) than in services (7.1%).
It is clear from these simulations that, for the same amount invested in agriculture or in the industrial or services sectors, investment in agriculture produces better results in terms of economic growth, job creation and income generation (figure 5 and table 5). The structure of Burkina Faso's economy as presented in section 2.2 makes it easy to understand the results of these simulations. Agriculture accounts for more than one third of national GDP (36.2%). Nearly half of workers' remuneration comes from agriculture (49%). The development of this sector also means a significant increase in export earnings because approximately 80% of export earnings come from agricultural goods. Unlike non-agricultural goods, agricultural goods are mostly intended for export. Indeed, 36% of agricultural production is exported, versus 4% and 6% respectively for the industrial and service sectors. In terms of imports, agricultural goods have the smallest contribution to the current account deficit, given that imports of agricultural products account for only 1.4% of the domestic absorption of agricultural goods, versus 41,5% and 8,1% for the industrial and service sectors, respectively. The share of labor compensation in added value is higher in agriculture than in non-agricultural sectors. Since the marginal propensity of the rural poor to consume is generally higher than that of the urban population, and their consumption is more concerned with domestic production, the impact of higher farm income on the economy is greater than the increase in non-farm income. Finally, non-agricultural sectors are more intensive in intermediate consumption than the agricultural sector. For many of these sectors, such as agroindustry and restoration services, the bulk of intermediate consumption consists of agricultural goods. Thus, the increase in agricultural production, which implies a decrease in the prices of agricultural products, is favorable to non-agricultural sectors, as this implies a significant reduction in production costs. The reduction in production costs may be more favorable to non-agricultural sectors than d in agriculture All these char agriculture.
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Conclusion
The 
